The determination of PAL composition using the TAPPI standard test methods was carried out using the following methods:
S2
hours. After that, the sample was filtrated and rinsed by 100 ml of ethanol before drying at 65 ºC overnight. The % extractive was calculated using equation (1).
% Extractive = initial weight of PAL -weight of PAL after extraction initial weight of PAL ·100 (1)
2) Extractive in ethanol
95% of ethanol solution (150 ml) was mixed with all of the remaining extracted materials from step 1) (7.65 g) for the extraction. The mixture was refluxed in a water bath for 5 hours. After that, the sample was filtrated and rinsed by 100 ml of ethanol before drying at 65 ºC overnight. The % extractive was calculated using equation (2).
% Extractive = initial weight of extracted material -weight of PAL after extraction initial weight of PAL
·100
(2)
3) Extractive in hot water

S3
All of the remaining extracted material from step 2) (7.19) g) was mixed with DI water (500 ml). Then, the mixture was refluxed for 5 hours. After that, the sample was filtrated and rinsed by 100 ml of ethanol before drying at 65 ºC overnight. The % extractive was calculated using equation (3) .
% Extractive = initial weight of PAL -weight of PAL after extraction initial weight of PAL ·100
4) Holo-cellulose
All of the extracted material from step 3) (6.48 g) in 250 ml was mixed with 0.5 ml of glacial acetic acid and 1.5 g of sodium chlorite, and then heated to 70-80 ºC for 1 hour. Then, the same volumes of glacial acetic acid and sodium chlorite were added one more time and the mixture was continued at that condition for 1 hour. The mixture was then put in an ice bath until its temperature of the solution was lower than 10 ºC. The remaining cellulose was filtrated and rinsed by acetone before drying at 65 ºC for overnight. % of holo-cellulose was calculated using equation (4).
% holo -cellulose = weight of holo -cellulose initial weight of PAL ·100
S4 5) α-cellulose 1.5 g of holo-cellulose was mixed with 75 ml of 17.5%w/w NaOH and stirred at room temperature for 1 hour. Then, 25 ml of 17.5%w/w NaOH was added and the mixture was kept stirring for 30 min. Then, 100 ml of DI water was added and it was kept stirring for 30 min. filtrate and rinse by DI water before drying at 65 ºC for overnight. % of α-cellulose was calculated using equation (5).
6) Hemicellulose
Amount of hemicellulose was obtained using equation (6) .
7) Lignin
15 ml of 72% H 2 SO 4 in a beaker was put in an ice bath. The extracted material from step 3) (1.5 g) was added in the cold H 2 SO 4 solution and the mixture S5 was stirred for 2 hours. The mixture was transferred into a round bottom flask and added 130 ml of DI water. It was refluxed for 4 hours, and then left to cool down to room temperature for overnight. The remaining sample was filtrated and rinsed using hot water before drying at 65 ºC for overnight. The % lignin was calculated using equation (7).
% lignin = weight of lignin after extraction initial weight of PAL ·100
8) Ash
PAL (1.0 g) was put in a crucible and calcined at 525 ºC for 6 hours. The % ash was calculated using equation (8) .
% Ash = weight of dried ash initial weight of PAL ·100 (8) for the solutions that were used for studying the adsorption of binary system. 
